Low-lethality weapons are intended to neutralize a person with maximum security and with minimal risk of injury or death to the user of the weapon, the person arrested, and the witnesses. Under the same circumstances, the use of a firearm is causing mortality of 50%. Marketed since 1974, the Taser X26 is currently staffing services in the French police and gendarmerie. The Taser device has 3 damaging mechanisms: the direct effect of electric current on the tissues, the conversion of electrical energy into thermal energy, and the injuries caused by the general muscle contraction and resulting fall. The study aimed to analyze the specificities of the conducted electrical weaponY related injuries treated in a emergency department on a series of 46 cases. The study population was predominantly middle-aged men. The circumstances of use of the Taser X26 were most often related to an arrest. The frequency of consultation after a shot by Taser X26 was stable. The management is essentially an outpatient because of frequent and benign lesions. The impacts of electrical impulse mainly affect the chest and abdomen. This distribution of impact zones is inhomogeneous, depending on the circumstances of use.
F rench police officers sometimes have to resort to force to maintain public order. This use is limited by the principle of using the lowest level of force required to master an individual or control a situation and reducing its intensity as soon as possible.
In terms of law enforcement, low-lethality weapons, such as conducted electrical weapons (CEW) and flash balls, come just after incapacitating gases and truncheons and precede the use of firearms. 1 Low-lethality weapons aim to safely neutralize individuals, that is, with minimal risks of killing or wounding the user, the target, or any bystanders. When used in similar circumstances, firearms give rise to 50% mortality. 2 On the market since 1974, the Taser X26 is currently used by the French police and gendarmerie forces.
THE TASER X26
The name ''TASER'' is an acronym for ''Thomas A. Swift Electronic Rifle.'' The Taser X26 is a low-lethality electric stun gun. Designed during the 60s by Jack Clover when he was doing research work for the National Aeronautics and Space Administration in the United States, it is used by the North American police force. In certain US States and municipalities, it is mandatory that any persons hit by a Taser dart be examined by a physician. Taser gun victims are therefore cared for either by emergency intervention teams or in casualty. In 2009, the Australian College of A&E Doctors issued specific guidelines for the management of these patients. 3 The Taser is an electronic and electrical system that delivers a series of brief 50,000 V/2 mA pulses. ''Shaped pulse'' technology now enables the penetration of the current through up to 5 cm of clothing. Two modes of operation are available: ''shooting'' mode and ''contact'' mode.
The shooting mode enables the simultaneous firing of 2 electrodes that remain connected to the launching device by 2 wires. The shot is powered by a compressed nitrogen cartridge and guided by a laser beam. Each dart may reach either the skin or the clothes of the person targeted. Taser darts are 4 mm long and barbed so as to cling to the clothes or skin of the individual to be controlled. They should be removed by the police officers immediately after impact; this is done by stretching the skin with one hand while exerting a linear traction on the dart with the other hand. There is no mechanical threat to the vital inner organs (heart, lungs, intestines). Propelled from a distance of up to 10.7 m, the darts reach the skin through the clothes.
The contact mode consists of the direct application of both darts to the person's clothing or skin. After impact, the 2 fishhook-shaped probes cling to the skin or clothing until their manual retrieval. In rare instances where the individual remains out of control after the customary warnings and a first shot, other electrical pulses may be applied. An integrated microcomputing system traces the last 1500 shots: date, time, duration of use. All interventions are taped by an integrated video system (camera and audio). Chips bearing the serial number of the compressed nitrogen cartridge used come with each shot, thus identifying the weapon.
The device generates brief (11 microseconds) alternating current electric pulses with a very low amperage (1.8 mA) and a high voltage (50,000 V) for a maximum duration of 5 seconds. This type of current carries next very little energy and triggers extremely painful and uncontrollable muscle contractions that do not rupture cardiac or skeletal striated muscle fibers but unavoidably result in the targeted person falling down.
Damaging Mechanisms
The Taser device has 3 damaging mechanisms: the direct effect of electric current on the tissues, the conversion of electrical energy into thermal energy, and the injuries caused by the general muscle contraction and resulting fall.
The direct impact of electric current on tissues: because very high-frequency electric current remains near the surface of the conductor, the electric shock delivered by the Taser propagates through the skin and skeletal muscle tissue without penetrating the internal organs, which are protected by the Faraday effect. This mode of electric propagation differs from that ORIGINAL ARTICLE involved in electrocution or electrification, notably such occur when one touches a live wire connected to the mains. The mode of propagation of the electric current being here quite different, resulting wounds will also differ.
The resistance of the skin varies from one body area to another, notably due to differences in skin thickness, vascularization, hydration, and/or keratinization.
Contact with a source of alternative current may trigger cardiac-rhythm disorders, depending on what phase the heart is in its cardiac cycle.
Conversion of electric energy into thermal energy results in superficial burns at the point of impact.
Injuries resulting from the general muscle contraction and unavoidable fall: these vary in severity according to how people fall and from what height.
OBJECTVE OF THE STUDY
Because the police force is now equipped with TaserX26 devices and given their potential effects on the human body, we investigated their physical consequences in 46 cases. This study aimed to analyze the specificities of the CEW-related injuries treated in our medicosurgical and forensic unit.
STUDY POPULATION AND METHODS
This was a retrospective monocentric observational study conducted between January 1, 2006, and June 30. 2011.
The inclusion criterion was the existence CEW-related injuries, whether direct or indirect, and independently from the time elapsed since the events reported. There was no noninclusion criterion.
The data collected were demographic, clinical, and radiologic. X-ray examinations were performed when a fracture was suspected. No alcohol blood levels, toxicology assays, or troponin and muscle enzyme assays were performed during this study.
RESULTS

Population Characteristics
Male-to-female sex ratio, 43/3: 14; mean age, 28.4 years; age range, 17 to 54 years.
Forty-six patients were examined. During the period under consideration, that is, between January 1, 2006, and June 30, 2011, we examined 132,759 apprehended individuals and 69,851 victims of assault with or without intent (sex assaults excluded). The phenomenon under consideration represents only 0.023% of the apprehended population and 0.022% of the assault victims examined in our unit, which corresponds to an average of 8.4 patients per year, a figure unchanged since 2006 ( Table 1 ).
Circumstances of the Use of the Weapon
Three types of circumstances were noted for CEW-related injuries: 31 cases occurred during an arrest, 13 were assault victims, and 2 were police officers wounded in service ( Table 2 ).
Mode of Arrival to Hospital
Most patients consulted on their own initiative (32 cases; Table 3 ). Nine were brought in by the police, 4 arrived by taxi, and 3, in the firemen's ambulance. In more than two thirds of cases, apprehended persons were examined after the end of their detention in custody: only 9 (29%) of 31 were under police escort. One person was escorted by both the firemen and the police.
Nature of Injuries and Location of the 41 CEW Impacts Observed in 18 Patients
Forty-nine injuries were noted. In most cases (63%), the injuries resulted from the fall and had no direct relation to the CEW impacts: 1 fractured head of humerus when the person fell sideways on her shoulder, 1 fractured scaphoid after a forward fall on the palm of the hand, 9 cutaneous or subcutaneous hematoma, and 20 abrasions ( Table 4 ). Of 31 nonYimpact-related injuries, 29 were benign (93.5%).
Eighteen injuries (37%) were directly related to the impact: 1 digital fracture, 2 cutaneous or subcutaneous hematomas, 14 superficial abrasions, 1 deep abrasion on the site of impact after tear gas had been used ( Table 5 ). Seventeen of the impactrelated injuries were therefore benign (94,4%).
Forty-one CEW impact zones were observed on 18 patients, each one corresponding to a wound caused by an electrode. In 2 cases, CEW was used twice, and 2 impact zones were observed: on the anterior aspects of the thorax and abdomen in 1 case and on the anterior abdomen and pelvis in the other one.
Number of Injuries per Patient
No wound at all was found in 13 patients, 1 to 3 wounds were present in 31 patients, and 4 to 6 wounds were present in 2 patients (4.4%; Table 6 ). The 13 patients presenting no visible lesion (28.3%) were referred to our unit by the applicant authorities to determine the appropriate duration of temporary total disability, which ranged from 0 to 2 days. These patients were held in custody and filed a complaint with the Inspection Générale des Services (the French police complaints authority) for suspicion of police violence.
Most patients presented with 1 to 3 injuries (67.4%). Two had 4 to 6 injuries. The first had 2 rounds of Taser X26 fire, 
Cardiac and Respiratory Symptoms Observed
Two patients, who were shot in the thorax when apprehended, complained of cardiovascular effects, evocative of chest pain. In both cases, arterial hypertension was detected (150Y170 mm Hg systolic blood pressure and/or 90Y105 mm Hg diastolic blood pressure). Electrocardiographic tracings revealed no disruption of cardiac rhythm or repolarization. Three apprehended persons and 2 assault victims complained of respiratory effects. One transient tachypnea-like respiratory effect was observed in an apprehended individual. This disappeared within an hour (sine materia dyspnea).
DISCUSSION
In 1976, the US Consumer Product Safety Commission considered that the use of the original Taser device (5Y7 W), the precursor of the Taser X26, was nonlethal on healthy individuals. The Taser X26 has not been the object of a similar evaluation. One publication concluded that the device could induce superficial skin burns and very slight cardiac and/or neurologic lesions. 4 The study of a small series of 16 individuals, deceased between 1983 and 1987 after being hit by an original Taser device (5Y7 W), revealed that all these individuals were drug addicts, presenting with psychomotor agitation and whose behavior had been described as inappropriate by the police officers. 5 Several had already had injuries of varied severity during previous arrests. One person who had a pre-existent heart condition had refused the insertion of a cardiac pacing catheter. 
A Predominantly Middle-Aged and Male Population
Conducted electrical weaponYrelated injuries represent a very minor proportion of the cases consulting in our medicojudicial unit (0.02%). Our study population mainly included middle-aged individuals, predominantly men (93.4%), and did not increase over the study period. It would be interesting to compare this population to that of all the individuals hit by 1 or several electrical CEW pulses in Paris, during the same period. Unfortunately, police authorities were unable to provide us with the necessary data.
A Stable Number of Consultations Since 2007
The yearly reduction in the number of Taser-related injuries observed since 2007 cannot be interpreted statistically, given the insufficient number of cases (Table 1) . One hypothesis could be that, in the absence of any apparent symptoms after a CEW shot, police officers currently tend to bring apprehended suspects to our unit less often than they did in 2007. This change in practice could be explained by the fact that, in France, no vital complication has been reported.
Circumstances Most Often Related to the Apprehension of a Suspect
More than two thirds of the cases involving the use of a CEW were related to the apprehension of a suspect (67.3%). Injuries were much more frequent in the apprehended population than in police officers (4.3%). In our study, the proportion of police officers wounded while using a Taser gun was inferior to that mentioned in the literature ( Table 2 ). 4
Conducted Electrical Weapon Impacts Mainly Located on the Thorax and Abdomen
Although the use of a Taser CEW was corroborated by a police or gendarmerie report, 28 patients bore no visible trace (61%), a phenomenon for which 3 explanations are possible: the probes left no trace, or the traces had enough time to disappear, or the probes remained caught in the clothing. The most frequent impact area was the thorax (46.3%), followed by the abdomen and pelvis (26.8%). Current guidelines recommend the torso for target.
No impact was observed on the cranium, face, or neck, which is consistent with current recommendations to avoid this part of the body.
Our study evidenced neither demonstrated cardiac 6Y8 or respiratory complication, 9 nor hyperexcitability syndrome or delirium.
Neither admission to intensive care unit (ICU) nor deaths were noted.
A Nonhomogeneous Distribution of Impacts, Depending on Circumstances
In the 31 apprehended subjects (77%), impacts were mainly anterior, which is consistent with the police current guidelines ( Table 7) . On assault victims, the spatial distribution of impacts was more homogeneous, and the proportion of lateral or posterior impacts is higher than in the apprehended population (72% vs 22%). Indeed, most assault victims described an attack in contact mode and from behind. Assault perpetrators usually attack without warning and do not favor frontal approaches. The impacts observed on the 2 police officers were located on the upper limb; 1 police officer had his own Taser X26 turned against himself. 
Frequent and Benign Injuries
Deep abrasions were more often related to scraping against a hard surface while falling (12 cases) than to the CEW impact in itself (1 case). Our series included no deep tissue injury (bone tissue excluded). The only severe CEW-related case was a fractured finger: a police officer was attempting to use his Taser X26 in contact mode when the weapon was turned against him by his opponent and fired at point-blank range. This resulted in a fractured finger on his dominant hand and required emergency surgery.
Mainly Ambulatory Care
Two parameters reflected the severity of the initial injuries: the way in which people arrived in the hospital and the number of hospital admissions. In our study, the people examined required neither ambulance nor light medicalized vehicle. More than 3 quarters of these patients (78.1%) arrived by their own means (69.5%) or by taxi (8.6%). The proportion of admissions to hospital was 3 (6.5%) of 46; these 3 patients were treated for bone fractures (Table 3) .
Few Admissions to Hospital
Three cases required admission to hospital: & One was an open fracture of the second phalanx of the second finger of the right hand, which required surgery and led to a 3-day hospital stay. & One was a fractured head of humerus, which was treated conservatively and involved staying in the hospital for 1 day; & The third person presented with sternal contusion and a fractured scaphoid bone. The hospital stay was restricted to 1 day. This patient was an alcoholic multiple substance abuser detained in custody who had had impacts on the thorax and the abdomen. He was monitored in our emergency hospital unit for 6 hours as a precautionary measure.
These 3 cases represented 6.5% of our total study population. The absence of any admission to the ICU and that of any deaths are both in agreement with the current literature. 10 Admission to the hospital is only justified in the presence of serious elements.
Taser-related complications were mainly mechanical, either direct due to probe impact or contact with the device or indirect and related to falls. Most were benign. There is a theoretical risk of vascular lesion, notably at cervical level, and also a risk of genital injury, depending on the target site location. The literature reports 2 cases of ocular penetration with risk of perforation. One intracranial penetration of the probe with rupture of the dura mater was described in a 16-year-old boy in 2007, with no neurologic consequences after neurosurgery was performed. 11 This case reminds us that attempting to extract CEW darts from anatomically delicate areas is not without risks, notably on the scalp, the area around the eyes and mouth, the neck, the inguinal folds, and the external genitalia.
Indirect mechanical complications were due to the falls, from varying heights, which were the immediate consequence of the loss of neuromuscular control. Trauma should always be looked for, notably if the arrested person fell from a height.
Skin wounds were more marked when other weapons had been used concomitantly: tonfa (a type of side-handle baton, also known as a T-baton or nightstick), truncheon, and tear gas. 12 Superficial burns were described in cases where older devices resembling the Taser were used, notably in cases involving child abuse. 13 More serious burns can result from the conjunct use of the Taser CEW and inflammable tear gas sprays or bombs. 14
CONCLUSIONS
Neither admission to ICU nor deaths were found in our series. However, certain injuries subsequent to the unavoidable fall triggered by the CEW were serious, particularly in view of the supposedly reduced dangerousness of this weapon: fractured humerus, fractured scaphoid. The Taser X26 remains a weapon.
From a forensic point of view, it is very important that the person's past and present medical history be investigated and recorded: heart problems, psychiatric disorders, pregnancy, and substance and/or alcohol abuse should all be explored. Supplementary investigations should not be systematic. Hospitalization is justified in the presence of elements of severity.
Forensic departments contribute to the improvement of our medical knowledge of low-lethality weapons. The trajectories of the shots can be reconstituted by ballistic experts.
In terms of prevention, in-service training to use such weapons should include information on the physical consequences of Taser X26 shots. Neither the head nor the genitalia should be targeted. Conducted electrical weapons is also contraindicated when the target is in a position where his fall is likely to induce severe injuries. The presence of functional symptoms in any individual hit by a Taser X26 probe should lead to his examination by a physician.
In terms of public health, it seems that the use of these weapons should not be trivialized so that they retain their dissuasive effect, particularly because the treatment of CEWrelated injuries does have a medicosocial cost. Anterior  21  3  2  Lateral  3  3  0  Posterior  3  5  1 
